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Abstract—At a transition in a wave-guiding structure, part
of the incident energy is transmitted and part of the energy is
reflected. When the waveguide has non-trivial topological prop-
erties, however, the transition may occur with no backscattering,
and with unusual modal coupling/transformations. Within this
context, we discuss the response of a nonreciprocal topological
structure composed of two nearby interfaces between oppositely-
biased gyrotropic media and an isotropic medium, which support
unidirectional surface modes (topological modes). We provide
an exact Green’s function analysis of this structure, and we
discuss how the topological surface modes are modified when
the two interfaces are brought closer and eventually merged. We
show that the resulting mode conversion is independent of the
transition geometry.
Index Terms—Topological electromagnetics, Nonreciprocity,
Green’s function, Gyrotropic media, Biased plasma.
I. INTRODUCTION
Topological materials and metamaterials are currently a
topic of large interest in different domains of wave physics
[1]-[4]. Of particular relevance is their ability to support
backscattering-immune surface waves on an interface with a
material having different topological properties. The simplest
realization of a topological material for electromagnetic waves
is a nonreciprocal gyrotropic medium: when an interface with
a conventional opaque medium is introduced, under certain
conditions, a unidirectional surface mode emerges, completely
immune to the presence of defects along its propagation [5].
While the study of unidirectional surface waves on gyrotropic
materials dates back to the 1960s [6], only recently it has
been shown that the existence of these unidirectional surface
modes originates from the non-trivial topological properties of
the bulk eigenmodes of the gyrotropic medium [7]-[11].
Topology is a branch of mathematics that studies properties
that are invariant under continuous deformations of the consid-
ered system. An example of a topological-invariant property is
the genus of a surface, which intuitively indicates the number
of “holes” in the surface (a sphere has genus 0; a torus genus
1). Two surfaces having the same genus can be continuously
deformed into one another. A different topological invariant
that emerges in condensed-matter or electromagnetic systems
is the Chern number, which can often be interpreted as a
“winding number” for the eigenmodal evolution in wavenum-
ber space [1]-[4]. Within this context, a key factor to realize
topologically-non-trivial electromagnetic systems is to have a
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material with a band degeneracy in the bulk-mode dispersion
diagram that is then lifted when a relevant symmetry of the
system is broken (space-inversion, or time-reversal symmetry).
In particular, if time-reversal symmetry is broken, a non-trivial
bandgap opens, associated with a non-zero gap Chern number,
which is the sum of the Chern numbers of all the modes
below the bandgap, Cgap =
∑
n<ng
Cn [1]-[4]. This happens,
for example, via the gyrotropy effect in biased plasmas or
ferrites [7]-[11], making these materials the electromagnetic
equivalent of quantum-Hall electronic insulators [1]. Opening
or closing a non-trivial bandgap corresponds to a change of
the global topological properties of a material. As a result,
when two media with different topological properties share
a common bandgap, at their interface the bandgap must
completely close to allow for a modification of the gap Chern
number from one medium to the other; therefore, surface
modes emerge on the interface [1]-[20]. In particular, the
number of unidirectional edge modes is equal to the difference
of gap Chern numbers between the interfaced materials, a
principle known as “bulk-edge correspondence” [1]-[4].
Fig. 1. Two examples of transition in a topological wave-guiding structure,
leading to unusual coupling/transformation between unidirectional topological
surface waves (SW). The plots show a time-snapshot of the vertical electric
field distribution. The considered geometry is composed of two separate inter-
faces between an opaque isotropic medium with r = −1 (central layer) and
two oppositely-biased gyrotropic media (plasmas) with plasma frequencies
ωp,1 = ωp,2 = 0.9ω and cyclotron frequencies ωc,1 = −ωc,2 = 0.28ω
where ω is the source angular frequency. (a) Gradual transition; (b) abrupt
transition. The bidirectional black arrows denote electric-dipole sources.
Considering the case of gyrotropic materials mentioned
above as a model for continuous electromagnetic topological
insulators, it was reported in [8] that, at an interface between a
magnetized plasma and a topologically-trivial opaque medium
(i.e., Cgap = 0), the difference of gap Chern numbers is
unity, which predicts the existence of a single one-way surface
mode. In this context, we have recently studied more complex
situations, in which, for example, the topological surface
mode is a leaky wave, hence obtaining nonreciprocal radiation
effects [21] (see also [22]), as well as the case of topological
materials with gain and loss, which enable the emergence
of peculiar branch-point-like modal degeneracies, known as
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“exceptional points” [23].
Another particularly interesting situation occurs when two
topologically-protected surface modes, existing on different
lossless interfaces, are forced to couple due to a change
in wave-guiding geometry. This case is shown in Fig. 1:
two oppositely-biased gyrotropic materials (Cgap1 = 1 and
Cgap2 = −1) are separated by a topologically-trivial central
layer (Cgap = 0), whose thickness is reduced gradually (Fig.
1a) or abruptly (Fig. 1b), such that the two material interfaces
are brought closer to each other until they merge into a single
interface. On this common interface, the jump in gap Chern
number becomes Cgap1 − Cgap2 = 2, which predicts the
existence of two topological edge modes. Interestingly, our
numerical simulations in Fig. 1 show that, when two unidi-
rectional surface waves are separately launched on the two
original interfaces, they seamlessly merge into a single surface
wave with different wavenumber. Due to its topological nature,
this modal transformation occurs with zero reflection even in
the case of abrupt step transition in Fig. 1(b). Moreover, it
seems that, in both cases considered in Fig. 1, only one of
the two available modes of the common interface is excited
by the waveguide transition. This behavior raises interesting
questions: why is the second surface mode predicted by the
bulk-edge correspondence not excited at all? How does the
waveguide transition control this topological modal transfor-
mation? In order to answer these questions rigorously (not
based on perturbation methods such as coupled-mode theory),
in this Letter we develop an exact electromagnetic Green’s
function analysis of the considered wave-guiding structure.
Fig. 2. (a) Geometry considered for the Green’s function calculation: a two-
dimensional multi-layered structure with a magnetic line source embedded in
the central isotropic region. (b-c) Transverse-magnetic bulk-mode dispersion
diagram for a plasma with (b) ωc = 0 (unbiased) and (c) ωc/ωp = 0.28
(biased in the z direction; wave propagation orthogonal to the bias).
II. GREEN’S FUNCTION AND DISPERSION EQUATION
As shown in Fig. 2(a), we consider a lossless multi-layered
structure with interfaces normal to the y-axis and translation-
ally invariant in the x − z plane. An isotropic homogeneous
material with permittivity r occupies the region 0 < y < h,
and two different gyrotropic media described by permittivity
and permeability tensors i = 0 (t,iIt + a,izˆzˆ+ ig,izˆ× I),
µ
i
= µ0I, i = 1, 2, occupy the regions y > h and y < 0
respectively, where It = I− zˆzˆ (I is the unit tensor).
A magnetic line source, Jm = zˆδ(x)δ(y − d), is assumed
to exist in the dielectric region. Considering this z-invariant
geometry and excitation, for the transverse-magnetic mode of
the structure (TM mode; magnetic field along z), the radiated
magnetic field Hz(x, y) satisfies the following wave equation[
∂2/∂x2 + ∂2/∂y2 + k20r
]
Hz(x, y) = −iω0rδ(x)δ(y−d)
(1)
where k0 = ω/c and c is the vacuum speed of light. The
x-invariance of the geometry suggests the following integral
representation for the Green’s function Hz(x, y)
Hz(x, y) =
1
2pi
∫ +∞
−∞
Hz(kx, y)e
ikxxdkx (2)
where Hz(kx, y) is the spatial spectrum (Fourier transform)
of the magnetic field in wavenumber space, and kx is the
wavenumber (propagation constant) parallel to the interfaces.
It follows from (1) and (2) that[
∂2/∂y2 + k2y
]
Hz(kx, y) = −iω0rδ(y − d) (3)
with ky =
√
k20r − k2x. The solutions of (3) in the cen-
tral region are of the form Hz(kx, y) = B cos(kyy) +
C sin(kyy), 0 < y < d, and Hz(kx, y) = E cos(kyy) +
F sin(kyy), d < y < h, with the jump condition at
the source point ∂yHz(kx, d+) − ∂yHz(kx, d−) = −iω0r,
where B, C, E and F are unknown field amplitudes.
In order to apply boundary conditions at the two material
interfaces, one has to make some assumptions for the field
distribution inside the gyrotropic layers. As mentioned earlier,
topologically-protected surface modes appear when we operate
in the bandgap of the bulk modes of the gyrotropic material,
i.e., the bandgap obtained by breaking time-reversal symmetry
in Fig. 2(c). In reciprocal media and structures exhibiting
a frequency gap, such as in periodic structures near the
Bragg condition, the bandgap is often trivial, which means
that the bands below/above the gap cannot be associated to
any topological invariant number. Conversely, when a non-
trivial bandgap is opened (e.g., in the bulk of a biased
plasma), the eigenmode profile exhibits a topologically-non-
trivial “rotation” as a function of wavevector, leading to a non-
zero winding number in momentum space, i.e., non-zero Chern
number [4]. Interestingly, among different configurations of
bulk-mode propagation in a biased plasma, only the TM
mode propagating orthogonal to the bias provides non-trivial
topological properties [9]. The dispersion equation of this
mode is k2x + k
2
y = eff (ω/c)
2, where eff = (2t − 2g)/t
is the effective permittivity. The solutions of this dispersion
equation are shown in Fig. 2(b),(c): when there is no bias, a
degeneracy occurs at k =
√
k2x + k
2
y = 0 and ω = ωp; once
we turn on the bias, the degeneracy is lifted and a non-trivial
bandgap opens in the dispersion diagram. In this case, the
gap Chern number becomes non-zero (the details are provided
in [7], [9]), and a unidirectional surface mode is expected to
emerge at frequencies within the gap.
For a generic TM surface mode existing on one of the inter-
faces of the structure in Fig. 2, we consider vertically decaying
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fields inside the gyrotropic layers with attenuation constant
αpi =
√
k2x − k20eff,i, i = 1, 2, such that Re(αpi) > 0.
By applying the boundary conditions for the continuity of
tangential fields at y = 0 and y = h, one can find that
Hz(x, y) =
−iω0r
2pi
∫ +∞
−∞
dkx
cos(kyd) + γ3 sin(kyd)
ky(γ3 − γ1) ×
(cos(kyy) + γ1 sin(kyy)) e
ikxx, 0 < y < d
Hz(x, y) =
iω0r
2pi
∫ +∞
−∞
dkx
cos(kyd) + γ1 sin(kyd)
ky(γ3 − γ1) ×
(cos(kyy) + γ3 sin(kyy)) e
ikxx, d < y < h
(4)
with the following parameters
γ1 =
r
ky
αp2kx − k20g2
t2kx + g2αp2
, γ2 =
r
ky
−αp1kx − k20g1
t1kx − g1αp1 ,
γ3 =
N2 cos(kyh) +D2 sin(kyh)
D2 cos(kyh)−N2γ2 sin(kyh) . (5)
In the central region, the integrals in (4) can be eval-
uated approximately as a sum of residue terms corre-
sponding to the different surface modes of the struc-
ture, Hz(x, y) = 2pii
∑
m w
spp(kmx, ω)e
ikmxx, where
wspp(kx, ω) = N (kx, ω)/∂kxD(kx, ω) and
N (kx, ω) = −iω0rD1D3 (D3 cos(kyd) +N3 sin(kyd))×
(D1 cos(kyd) +N1 sin(kyd))
D(kx, ω) = [D1D3ky (N3D1 −N1D3)] (6)
where Ni and Di, i = 1, 3, are the numerators and denomi-
nators of γi. kmx is the mth root (mth Green’s function pole)
of D(kx, ω) = 0, which is the dispersion equation of the
unidirectional surface modes, for a given set of parameters.
This formulation allows investigating how the topological
modes evolve as we bring the two interfaces in Fig. 2(a) closer.
III. COUPLED TOPOLOGICAL MODES
A. Coupling through an opaque medium
When the two interfaces in Fig. 2(a) are sufficiently far
from each other, and the spacer layer is opaque, the surface
waves supported by the individual interfaces decay fast inside
the central region, such that there is no coupling between
them. If the two gyrotropic materials have the same properties
(ωp1 = ωp2 = ωp) and equal but opposite biasing fields ωc1 =
−ωc2 = ωc, the structure supports two identical topologically-
protected and unidirectional surface modes, localized on each
interface separately without any interference. The coupling
between the two modes begins by decreasing the thickness
of the opaque spacer. Fig. 3(a) shows the evolution of the
two solutions of the dispersion equation D(kx, ω) = 0, at
a given frequency, as the gap thickness decreases. For large
gap thicknesses, the two uncoupled surface waves have the
exact same propagation constant. For smaller thicknesses, the
coupling perturbs the system, and the surface-wave solutions
are “forced apart”, forming two distinct unidirectional surface
modes. In the limit of h→ 0, one of the solutions converges
to a positive and finite value of kx, while the second solution
asymptotically tends to infinity.
Fig. 3(b) shows the dispersion diagram of the structure
in Fig. 2(a) with an opaque spacer of finite thickness. The
solid blue lines indicate the TM bulk modes of the plasmas.
Our analysis in Section II yields two additional dispersion
curves crossing the entire bandgap, indicating the presence
of two unidirectional topological surface modes with positive
group velocities vg = ∂ω/∂kx > 0. A clear consequence of
nonreciprocity and topological protection is the fact that, in
this non-trivial bandgap, there are no solutions of the disper-
sion equation for negative kx, which results in the absence
of any backward-propagating mode, and zero backscattering
at discontinuities. If the opaque gap thickness is reduced, the
dispersion line of the first surface mode moves toward left,
converging to a finite values of kx > 0 for zero thickness,
whereas the second dispersion line shifts rapidly toward pos-
itive and very large values, kx →∞.
These findings answer one of the questions raised in the
Introduction: when the two original interfaces merge into a
single interface between “opposite” gyrotropic media, there
are still two unidirectional surface modes, in agreement with
the bulk-edge correspondence; however, one of the two modes
has extremely large (in theory, infinite) wavenumber kx,
which leads to a very large wave-impedance for this TM
mode, ZTM ∝ kx. For this reason, the mode is completely
impedance-mismatched from the surface modes existing be-
fore the transition region in Fig. 1, hence the waveguide tran-
sition will not excite this mode at all. This fact, combined with
the absence of backscattering due to topological protection,
forces all the energy from the two incoming surface modes to
be transfered to a single unidirectional mode, independently
of the geometry of the waveguide transition.
Figure 3(c) shows the field distribution for a separation
h = 0.4λ0, at which the two unidirectional surface waves
are weakly coupled and have similar wavenumber. As clearly
seen in Fig. 3(c), there is no propagation toward the negative
x-axis, confirming the unidirectional nature of the topological
modes. The two surface waves form an interference pattern as
they propagates along the positive x-axis. The inset shows the
two unidirectional surface waves separately, obtained from the
residue calculation: the two modes have similar wavelengths
and are excited with slightly different amplitudes. Fig. 3(d)
shows the case of smaller gap thickness h = 0.1λ0, at which
the difference in wavenumber of the two surface waves is
larger, leading to a different interference pattern. As seen in
the inset, the second mode oscillates faster and has smaller
amplitude. By decreasing the spacer thickness further, the
amplitude of the highly-oscillating mode becomes smaller and
smaller; in the limit of h → 0, the slowly-oscillating mode
completely dominates the field distribution. The second mode
still exists but with a vanishing wavelength and amplitude.
B. Coupling through a transparent medium
Topological mode coupling through a transparent dielectric
gap with r > 0 leads to a different modal behavior. The
dispersion curves of the two topological surface modes of this
structure are shown in Fig. 4(a), considering vacuum as the
transparent spacer. Interestingly, in this situation the dispersion
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Fig. 3. (a) Evolution of the two unidirectional TM surface modes (poles of
Green’s function), for the geometry in Fig. 2, as a function of thickness of
an opaque (r = −1) isotropic spacer. The gyrotropic media have the same
properties as in Fig. 1. λ0 is the free-space wavelength at the source frequency.
(b) Dispersion bands for the bulk TM modes of the biased gyrotropic media
(solid blue) and for the unidirectional TM surface modes (solid red), for a
spacer thickness of h = 0.63pic/ωp. The two horizontal purple lines indicate
the lower/upper edges of the bulk-mode bandgap. Black arrows indicate the
movement of the bands as h is reduced. (c) Magnetic field distribution in
an opaque isotropic spacer of thickness h = 0.4λ0, for a source at x =
0, y = d = 0.7h. Solid blue and red lines are the real and imaginary parts of
Hz(x, y = 0.9d) obtained from the exact solution, Eq. (4). Dashed green and
black lines are the real and imaginary parts obtained from residue evaluation.
Inset shows the field distribution for the two modes separately. Solid and
dotted lines indicate the real and imaginary parts of the first and second
modes. (d) Same as (c) but for h = 0.1λ0.
band of one of the surface modes crosses the vertical axis at
kx = 0 (black dot), while the other dispersion band is entirely
on the positive side of the wavenumber axis.
By denoting the frequency of this crossing point as ωcp,
we can identify different cases: (i) For frequencies ω > ωcp,
the two surface waves propagates unidirectionally along the
positive x-axis and interfere, similar to the opaque-spacer case.
(ii) At ω = ωcp, a unidirectional kx−positive surface wave
“interferes” with a surface wave with diverging phase velocity
and wavelength, which leads to a spatially-constant shift in the
real part of the field distribution excited by a line source, as
shown in Fig. 4(b). (iii) For ω < ωcp, there are two solutions
with opposite sign of kx; the phase velocity of the first mode is
negative, vp = ω/kx < 0, whereas the slope of the dispersion
curve is positive, hence the group velocity vg = ∂ω/∂kx > 0.
In this case, the mode is still unidirectional, and if the source
is located at x = 0, the excited fields are zero for x < 0 (if the
mode existed for x < 0, the positive value of vg would indicate
energy flowing toward the source, an unphysical situation).
The correct interpretation of this case is that the excited surface
wave propagates toward right with positive group velocity
(energy flows away from the source) but with negative phase
velocity. To validate this interpretation, Fig. 4(c) shows the
dispersion equation solutions, at ω/ωp = 1.078 < ωcp. When
the plasmas are lossless, we have two solutions on the real axis
of the wavenumber complex plane (red and black circles). By
introducing a small level of loss into the plasmas (collision
Fig. 4. (a) Dispersion diagram, similar to Fig. 3(b) but for a transparent
dielectric spacer with r = 1 and h = 0.36pic/ωp. (b) Magnetic field
distribution, Hz(x, y = 0.9d), calculated by residue evaluation, for a source
at x = 0, y = d = 0.7h. (c) Locus of the two surface-wave poles in the
complex wavenumber plane, for ω/ωp = 1.078, from lossless to lossy case.
(d) Similar to Fig. 3(a), but for a transparent isotropic spacer with r = 1
(for this case, we assumed ω/ωp = 1.13, ωc/ωp = 0.31).
frequency δ = 0.052ωp), the two solutions migrate toward the
upper half-plane, which is indeed the proper Riemann sheet
for right-going decaying surface modes.
Finally, we show in Fig. 4(d) the evolution of the two
solutions of the dispersion equation varying the transparent
spacer thickness, similar to Fig. 3(a). Analogously to the case
of opaque spacer, when h→ 0, one of the poles moves toward
left, converging to a finite value of kx > 0, whereas the other
pole moves to the negative kx−axis, and asymptotically tends
toward negative infinity. Different from Fig. 3(a), however, if
the thickness is increased, the two poles move closer to each
other but do not converge. For larger values of h, the structure
supports additional waveguide modes in the central layer.
IV. CONCLUSION
We have presented an exact Green’s function analysis of
coupled topological surface modes in a wave-guiding structure
composed of oppositely-biased gyrotropic media separated by
an isotropic layer. Our analysis provides relevant insight into a
broad class of topologically-protected modal transitions. Our
theoretical predictions may be experimentally tested using
different platforms. For example, a popular solution to realize
gyrotropic materials at THz frequencies is to use n-type
semiconductors, such as Indium Antimonide (InSb), under a
magnetic bias. To give some numbers, the plasma frequency
of a typical InSb sample is ωp/2pi ≈ 5 THz and collision
frequency δ/2pi ≈ 0.5 THz [25]. Considering a feasible bias
field up to B0 = 4 T , it is possible to open a moderately-
wide bandgap in the range 6.8-8 THz, sufficient to observe
the described effects in a suitably designed system. Our
results and considerations, while derived for the case of biased
gyrotropic materials, are expected to qualitatively apply to any
nonreciprocal topological wave-guiding system with coupled
unidirectional surface modes.
JOURNAL OF LATEX CLASS FILES, VOL. XXX, NO. XXX, XXX 2015 5
REFERENCES
[1] A. B. Bernevig, T. L. Hughes, “Topological insulators and topological
superconductors”, Princeton University, Press, Princeton, NJ, (2013).
[2] S. Q. Shen, “Topological insulators”, Springer-Verlag, Berlin, (2012).
[3] L. Lu, J. D. Joannopoulos, and M. Soljacˇic´, “Topological photonics”, Nat.
Photonics 8, 821829 (2014).
[4] A. B. Khanikaev, G. Shvets, “Two-dimensional topological photonics”,
Nat. Photonics 11, 763 (2017).
[5] A. R. Davoyan, N. Engheta, “Theory of wave propagation in magnetized
near-zero-epsilon metamaterials: Evidence for one-way photonic states
and magnetically switched transparency and opacity ”, Phys. Rev. Lett.,
111, 257401 (2013).
[6] S. R. Seshadri, “Excitation of surface waves on a perfectly conducting
screen covered with anisotropic plasma ”, IRE Trans. Microw. Theory.
Techn., MTT-10, 573, 1962.
[7] M. G. Silveirinha, “Chern invariants for continuous media”, Phys. Rev.
A, 92, 125153, (2015).
[8] S. A. Hassani Gangaraj, A. Nemilentsau, G. W. Hanson, “The effects
of three-dimensional defects on one-way surface plasmon propagation
for photonic topological insulators comprised of continuum media”, Sci.
Rep., 6, 30055, (2016).
[9] S. A. Hassani Gangaraj, M. G. Silveirinha, G. W. Hanson, “Berry phase,
Berry connection, and Chern number for a continuum bianisotropic ma-
terial from a classical electromagnetics perspective”, IEEE J. Multiscale
and Multiphys. Comput. Techn. 2, 317 (2017).
[10] B. Yang, M. Lawrence, W. Gao, Q. Guo, and S. Zhang, “One-way helical
electromagnetic wave propagation supported by magnetized plasma”,
Scientific Reports 6, 21461 (2016).
[11] S. A. Hassani Gangaraj, G. W. Hanson, “Topologically protected
unidirectional surface states in biased ferrites: duality and application
to directional couplers”, IEEE Antennas Wireless Propag. Lett., DOI:
10.1109/LAWP.2016.2582905 (2016).
[12] Z. Wang, Y. D. Chong, J. D. Joannopoulos, M. Soljacˇic´, “Reflection-
free one-way edge modes in a gyromagnetic photonic crystal”, Phys. Rev.
Lett., 100, 013905 (2008).
[13] Z. Yu, G. Veronis, Z. Wang, S. Fan, “One-way electromagnetic waveg-
uide formed at the interface between a plasmonic metal under a static
magnetic field and a photonic crystal”, Phys. Rev. Lett., 100, 023902
(2008).
[14] Z. Wang, Y. Chong, J. D. Joannopoulos, M. Soljacˇic´, “Observation of
unidirectional backscattering immune topological electromagnetic states”,
Nature 461, 772 (2009).
[15] M. C. Rechtsman, Y. Plotnik, J. M. Zeuner, D. Song, Z. Chen, A.
Szameit, and M. Segev “Topological creation and destruction of edge
states in photonic graphene”, Phys. Rev. Lett., 111, 103901 (2013).
[16] W. Gao, M. Lawrence, B. Yang, F. Liu, F. Fang, B. Bri, J. Li, S. Zhang
“Topological photonic phase in chiral hyperbolic metamaterials”, Phys.
Rev. Lett., 114, 037402, (2015).
[17] S. A. Skirlo, L. Lu, Y. Igarashi, Q. Yan, J. Joannopoulos, M. Soljacic
“Experimental observation of large chern numbers in photonic crystals”,
Phys. Rev. Lett., 115, 253901, (2015).
[18] D. A Jacobs, A. E Miroshnichenko, Y. S Kivshar, A. B Khanikaev,
“Photonic topological Chern insulators based on Tellegen metacrystals”,
New Journal of Physics, 17 (12), 125015, (2015).
[19] X. Cheng, C. Jouvaud, X. Ni, S. H. Mousavi, A. Z. Genack, A. B
Khanikaev, “Robust reconfigurable electromagnetic pathways within a
photonic topological insulator”, Nature Materials, 15 (5), 542 (2016).
[20] Y. Kang, X. Cheng, X. Ni, A. B. Khanikaev, A. Z. Genack,
“Pseudospin-valley coupled edge states in a photonic topological insu-
lator”, arXiv:1804.08707, (2018).
[21] S. A. Hassani Gangaraj, F. Monticone, “Topologically-protected one-
way leaky waves in nonreciprocal plasmonic structures”, J. Phys. Con-
dens. Matter, 30, 104002, (2018).
[22] R. Fleury, A. B Khanikaev, A. Alu, “Floquet topological insulators for
sound”, Nature Communications, 7, 11744, (2016).
[23] S. A. Hassani Gangaraj, F. Monticone, “Topological wave-guiding near
an exceptional point: defect-immune, slow-light, loss-immune propaga-
tion”, Phys. Rev. Lett., in press (2018). arXiv:1803.0641
[24] J. A. Bittencourt, “Fundamentals of Plasma Physics”, 3rd ed. New York:
Springer-Verlag, (2010).
[25] E. Palik, R. Kaplan, R. Gammon, H. Kaplan, R. Wallis, J. Quinn, “Cou-
pled surface magnetoplasmon-optic-phonon polariton modes on InSb”,
Phys. Rev. B, 13, 2479, (1976).
